The fatty acid profile is one of the most important determinants of the health quality of meat and it is associated with many of its other components and physicochemical traits. In addition to nutrition, other important factors that modify the quality of lamb, including the lipid profile of fat (intramuscular fat and other depot fats such as subcutaneous or renal fat), are breed or breed origin of sheep, their sex and age (Wood et al., 2008) . Breed of lambs determines the rate and amount of fat deposited in muscle tissue and other parts of the body. Depending on the location of adipose tissue in the carcass, fat may differ in fatty acid composition and response to the modification of methods used. It is known that intramuscular fat has a more beneficial lipid profile than subcutaneous and other depot fats (Bas and Morand-Fehr, 2000; Potkanski et al., 2002; Wood et al., 2008) . Potkanski et al. (2002) found that feeding vegetable (linseed and rapeseed) oils to fattened lambs had a beneficial effect on the fatty acid profile of intramuscular and subcutaneous fat, but it had no impact on the fatty acid composition of renal fat.
Pasture grazing is the most natural management system for sheep as it provides them with the best welfare conditions while being inexpensive. However, as regards the preferences of some consumer groups, especially those from Europe, slaughter lambs fed extensively on pasture forage achieve poorer weight gains and are not fat enough (Font and Furnols et al., 2008) . In the light of most studies (Rowe et al., 1999; Santos-Silva et al., 2002; Momani Shaker et al., 2003; Diaz et al., 2005) , fattening of lambs with forages, in particular pasture grazing resulted in a beneficial fatty acid profile of their fat. It was characterized by a higher proportion of PUFA, including n-3 PUFA, α-linolenic C18:3 and EPA C20:5, which are very important for the health quality of meat. A similar effect was observed when hay rich in C18:3 was included in the diet of young cattle and lambs receiving concentrate mixtures (Scollan et al., 2001; Velasco et al., 2001; Nuernberg et al., 2005) . The use of intensive indoor feeding of lambs based on concentrate mixtures fed ad libitum results in a high slaughter and culinary value, but it often makes carcass excessively fat, leads to an undesirable increase in the proportion of SFA in fat, and increases n-6/n-3 PUFA beyond recommended values. According to Nuernberg et al. (2005) , this state of affairs is caused by the dominance of C18:2n-6 (precursor of n-6 PUFA) in the diet of ruminants receiving a high proportion of cereal grains and seeds of other cultivated plants. For extensive pasture management of sheep, the most popular methods that bring desirable results are additional feeding of concentrates to slaughter lambs on pasture or finishing indoors on concentrates only (Aurousseau et al., 2007) .
Based on the above observations, we tested the hypothesis that during intensive fattening of lambs to high weight standards, based on complete concentrate mixture fed ad libitum, the addition of forage may favourably modify the fatty acid profile of intramuscular and depot fat. The aim of this study was to determine the effect of indoor feeding of forages and limited pasture grazing on fatty acid composition and the associated health quality parameters of intramuscular (IMF) and subcutaneous (SCF) fat with regard to the breed of lambs.
MATERIAL AND METHODS

Animals and feeding
The study was carried out with ram-lambs of 18 Koluda sheep (OK) and 18 F 1 sheep obtained from Ile de France meat-type rams (IF×OK). There were two replications of fattening (first in 2007, second in 2008) , each with 18 lambs, which were assigned, based on the analogue principle, to 3 feeding groups with 6 lambs per group (3 OK and 3 IF×OK). Lambs were fattened in groups from weaning at about 8 weeks of age to 32-37 kg of body weight. All the groups received the same concentrate mixture ad libitum (for components see Table 1 ) and different roughage supplements. Group C (control) received grass hay, group F received field forage indoors (about 50% of rye and 50% of grasses -fescue and ryegrass), and group P was grazed on pasture (natural herbage with a predominance of grasses) for 4 h/day. About 80 to 90 g of roughage (DM basis) per kg of concentrate mixture was supplemented in groups C and F. The amount of concentrate mixture was recorded daily in all groups of lambs, as was hay in group C and forage in group F. Unconsumed feed was weighed twice weekly. The intake of pasture forage by lambs from group P was estimated based on the difference in paddock herbage mass from 4 randomly chosen squares (0.25 m 2 ) before and after grazing. The content of chemical components and the composition of fatty acids in feeds consumed by the lambs were determined using medium compound feeds, which were made from samples collected at 7-day intervals (6 series per replication).
The lambs were fattened and slaughtered at the Experimental Station Koluda Wielka of the National Research Institute of Animal Production. The mean body weight of lambs in feeding groups at the start and at the end of fattening was similar (21.5 and 35.5 kg, respectively), with daily gains of 393, 357 and 347 g in groups C, F and P, respectively. Slaughter and separation of loins (saddle) from left half-carcass were performed in accordance with the method of the National Research Institute of Animal Production (Nawara et al., 1963) . SFA -Σ C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0; MUFA -Σ C14:1, C16:1 C17:1, C18:1, C20:1; PUFA -Σ C18:2 and C18:3; UFA = MUFA + PUFA a daily consumption of dry matter × fat content × fatty acid content × 0.956 (Weihrauch et al., 1976) Sampling Samples of m. longissimus lumborum (LL) and the overlying SCF were taken for chemical analysis.
A part of fresh LL was assayed for intramuscular fat content (IMF) using the method of Soxhlet according to the Polish Standard PN-73/A-82111. Thickness of subcutaneous fat was measured at the thickest area over the ribs, at the cross-section behind the last rib. The other LL and SCF fragments were vacuum packed and frozen at -20°C until analysis of the fatty acid composition.
Analyses
The nutritive value of the compound feeds (Table 1) was calculated based on tabular values from IZ PIB-INRA (2009) standards. The basic chemical composition of compound feeds was determined using standard methods. The fatty acid composition of fats from compound feeds was determined according to procedures developed by Kramer et al. (1997) with modifications of Borys et al. (1999) . Fat from feeds was extracted with a mixture of chloroform/methanol (2:1). A gas chromatograph (Agilent Technologies, model 6890N) with a flameionization detector and a BPX70 capillary column (60 m × 0.22 mm × 25 µm) were used.
After thawing, ground LL and SCF samples (100 mg) were extracted according to a modified version of the method described by Folch et al. (1957) . Fatty acids were esterified according to AOAC procedure (1995). Separation and quantitative determination of individual fatty acids were performed using a TRACE GC ULTRA gas chromatograph equipped with a SUPELCOWAX 10 column (30 m × 0.25 mm × 0.25 µm) with helium as the carrier gas (flow rate 7.5 ml/min).
The results were analysed statistically (STA-TISTICA 8.0, 2008) by a three-way analysis of variance (feeding method, breed, year), using the orthogonal model with first-degree interactions. Duncan's test was used to compare the differences at a significance level P = 0.05 and P = 0.01. For health quality parameters of the analysed fat the index of atherogenicity (IA) and the Δ9 -desaturase index (Σ Δ9 index) were calculated (Ulbricht and Southgate, 1991; Korniluk et al., 2008) .
RESULTS AND DISCUSSION
Feed and nutrient consumption
With the use of the same concentrate mixture given ad libitum (Table 1) in all groups of lambs and different roughage supplements, mean daily consumption of the mixture was similar in the groups. Clear differences were found in daily consumption of roughage, which was used to improve the ration structure and to modify the health quality of meat. In the control group (C), lambs consumed 60% more hay during the first year of fattening compared to the second, with 7.2% lower consumption of concentrate mixture. These differences could be due to differences in hay quality between the first and second year of the study. Also in the groups supplemented with forage, considerable differences were observed between both groups and years. With a similar consumption of field (group F) and pasture forage (group P) in the first year, the consumption of field forage (group F) in the second year was much lower than in group F in the first year (by 30.2%) and compared to the consumption of pasture forage in group P in the second year (by 23.4%). In group F, the much lower consumption of forage in the second year was paralleled by 3.8% higher consumption of concentrate mixture.
The nutritive value of medium compound feeds consumed per day by lambs from groups C and F was very similar, and in group P it was higher, by 4.0% for UFV (feed units for meat production) and by 4.1% for PDIE (protein digested in small intestine according to feed energy available in rumen) and PDIN (protein digested in small intestine according to feed nitrogen available in rumen) ( Table 1 ). In the feeding groups compared, the consumption of basic feed ingredients was similar except the consumption of fat in the groups fed forage. Compared to group C, daily consumption of fat per dietary dry matter was 11.9% higher in group F and 4.1% higher in group P.
Marked differences in the fatty acid composition of fats from compound feeds consumed by the lambs from different groups occurred only for the content of linolenic acid C18:3, especially in the second year ( Table 2 ). More of this acid was found in fat from forage feeds F and P compared to C, on average by 2.50 and 2.94 percentage units (p.u.), respectively. Overall, compared to C feeds, the fat from forage feeds contained more PUFA (50.46 vs. 47.97% on average), less total monounsaturated acids (MUFA) (28.14 vs 30.60%), and a similar level of SFA. In the second year of fattening, the fat from all compound feeds contained more PUFA than in the first year, and the differences in forage groups were much higher than in group C. These differences were most likely due to variation in the fatty acid profile of the feed ingredients, in particular forages, which were a part of the feeds in the first and second year of the study.
Differences in the fat content of compound feeds and in the fatty acid composition of their fat caused that lambs from the forage-fed groups consumed more PUFA than lambs from group C receiving hay (Table 2) . On average for both years, differences in PUFA consumption between experimental groups F and P and group C were 19.4 and 15.4%, respectively, including 13.8 and 8.4% for C18:2 and as much as 45.7 and 48.3% for C18:3. The generally lower consumption of fatty acids by lambs in the second year of fattening is also worth noting, with larger differences in MUFA, the consumption of which was on average 31.0% lower than in the first year.
The lower fat content of dry matter in C feed compared to forage feeds is supported by JankowskaHuflejt and Wrobel (2008), who studied the chemical composition and nutritive value of forages and hay and found that in terms of dry matter, pasture forage contained 25.7% more crude fat compared to hay (39.6 vs 31.5 g/kg DM; means from a total of 100 samples). Meanwhile, clear differences in the content of linolenic acid C18:3 are supported by the observations of Matthes et al. (1996) , who found that fat from grass forage contained twice as much C18:3 acid compared to fat from hay and concentrate mixture.
Intramuscular fat (IMF)
Out of the analysed factors, only the grazing of fattened lambs on pasture caused marked differences in the level of fat in muscle tissue (Table 3 ). The muscles of P lambs contained 21.6% more fat compared to C lambs (P ≤ 0.05) and 15.5% more fat than F lambs (P ≤ 0.10). On average in both years, lambs from the breed groups (B) compared had a similar IMF content, but in the first and second year (Y) differences in the marbling of muscles from KS and IF×KS lambs were pronounced (27 and 37%, respectively) and inverse, which caused a statistically significant B×Y interaction (P ≤ 0.01).
The intramuscular fat content of lamb meat depends on both the feeding method and the breed of lambs, and the effect of these factors can be modified in different ways (Kedzior, 2005) . In general, the IMF content of the analysed lambs was in the range of optimum values for lamb meat (1.5 to 2.5%). Similar values for intensively fattened lambs of different breeds and crossbreds were obtained by Borys and Borys (2001) , Ciuryk and Kaczor (2001) and Grzeskowiak et al. (2003) . The available literature reports inconsistent data concerning the effect of forage (pasture) feeding on the fat content of lamb meat. Most studies compared extensive pasture management with intensive indoor fattening or supplementation of concentrates to pasture-fattened lambs. No studies are available to discuss the present results of intensive fattening using supplemental forage to improve the ration structure or dietetic quality of meat. The overwhelming majority of studies and review papers take the view that meat fatness (both IMF and SCF) is lower when fattening is based on pasture compared to concentrate feeding (Sanudo et al., 1998; Rowe et al., 1999; Kedzior, 2005) . One study showed that the muscle tissue of Weisse Alpenschaf lambs fattened extensively on pasture contained more fat than that of lambs of the same breed fattened intensively indoors (Dufey and Wirz, 1995) .
Both groups of forage-fattened lambs were characterized by a general deterioration in the fatty acid composition of intramuscular fat in relation to group C (Table 3) . With similar types of changes in the fatty acid profile of IMF from F and P lambs, statistically significant differences in relation to group C were found for pastured lambs. The fat of P lambs contained more SFA (by 2.54 p.u.; P ≤ 0.01) and less PUFA (by 2.06 p.u.; P ≤ 0.01), with a similar MUFA percentage. Compared to C lambs, the fat of P lambs had a significantly higher proportion of C14:0, C16:0 and C16:1 and less C20:4 and C20:5.
As for the fatty acid composition, the intramuscular fat of F lambs differed more markedly in relation to P lambs than C lambs. No significant differences were found in the percentage of analysed fatty acids in IMF between groups F and C, with significant differences between groups F and P in the content of C14:0, C16:0, C17:1 and C22:5 (Table 3) .
Health quality parameters of muscle tissue, calculated from the fatty acid composition of IMF (Table 5), were the most favourable for lambs from group C, followed by F lambs supplemented with field forage, and pastured lambs (P). In the IMF of F and P lambs in relation to C lambs, statistically significant differences or clear tendencies were observed for poorer UFA:SFA (by 5.0 and 10.5%), PUFA:SFA (by 13.5 and 21.1%) and DFA:OFA ratios (hypocholesterolaemic to hypercholesterolaemic fatty acids) (by 6.1 and 12.5%, respectively), with an unfavourably lower content of n-3 PUFA (by 8.2 and 14.2%) and a higher index of atherogenicity (IA) (by 6.4 and 15.6%, respectively). Compared to group C, Δ9-desaturase index in group P decreased by 3.3% (P ≤ 0.05). However, both forage-supplemented groups showed a favourable tendency towards a narrower n-6:n-3 PUFA ratio, by 4.4% in group F and by 5.3% in group P. The feeding system had no significant effect on CLA (conjugated diene of linoleic acid) percentage in the pool of IMF fatty acids. However, with the higher content of intramuscular fat in pastured lambs, the absolute value of this component in the muscles of P lambs was significantly higher (by 31% on average) than in groups C and F.
The changes in the composition of fatty acids and the resultant deterioration of associated health quality parameters of muscle tissue from lambs receiving both forage supplementation variants were probably due to greater marbling of muscles and the associated higher saturation of fatty acids (Wood et al., 2008) . One of the reasons for the higher deposition of fat in LL muscle of F and P lambs compared to C lambs could be the higher consumption of fat in the dry matter of feeds (Table 1). However, this does not completely explain the differences in IMF content, because differences in the consumption of this component between lambs from group F and C were more than twice larger than those between group P and C.
The breed also caused differences in the fatty acid composition of intramuscular fat and the analysed health quality parameters of muscle tissue (Tables 3 and 5 ). The fat of IF×KS lambs had a less favourable composition of fatty acids compared to the milk-prolific line of Koluda sheep (KS) as it contained significantly more SFA (by 1.79 p.u.; P ≤ 0.01) and less PUFA (by 1.90 p.u.; P ≤ 0.05), with a similar percentage of MUFA. Fat from IF×KS lambs contained significantly more C14:0, C16:0 and C17:1 and less C18:2, C20:4 and C22:5 than the fat from KS lambs. In general, most of the analysed health quality parameters of meat, based on the fatty acid profile of IMF, followed a more favourable pattern in KS lambs than in IF×KS rams. Compared to IF×KS lambs, the muscle tissue of KS lambs had higher UFA:SFA, PUFA:SFA and DFA:OFA ratios and a higher n-3 PUFA content (by 8.3, 25.2 and 7.6%, and by 0.24 p.u.), with a favourably lower index of atherogenicity (IA) (by 7.0%; P ≤ 0.01). The breed of lambs did not cause any significant differences in n-6:n-3 PUFA, CLA content and Δ9-desaturase index.
In the available literature, there are no consistent data to show the direct effect of sheep breed on the fatty acid composition of their meat. A marked deterioration in the lipid profile of intramuscular fat from Ile de France ram-lambs compared to Suffolk, Finnsheep, East Friesian and in particular Texel was reported by Borys and Borys (2002) for animals fattened intensively to 40-45 kg of final body weight, but this was due to the highest marbling in Ile de France lambs. However, the differences found in the profile of fatty acids depending on the breed of lambs cannot be linked directly to the IMF content, which was similar in both breed groups (Table 3 ).
The year of fattening caused significant differences in the percentage of some fatty acids and in the majority of analysed health quality parameters of meat (Tables 3 and 5 ). There were relatively many 
Subcutaneous fat (SCF)
With similar subcutaneous fat content of carcasses, measured over the ribs (4.0 mm on average), more pronounced changes in the fatty acid composition of this fat in comparison with the control group (C) were observed in lambs receiving field forage (F) compared to pastured lambs (P) ( Table 4) . SCF fat from F and P lambs compared to C lambs contained less SFA and more MUFA, with a similar PUFA content. Respective differences in SFA and MUFA content were 4.87 and 3.74 p.u. (P ≤ 0.01) for F lambs, and 2.30 and 1.75 p.u. (P ≤ 0.10) for P lambs. Similar differences were determined in the content of individual fatty acids except palmitic acid C16:0, which was most abundant in fat from P lambs, i.e. 2.04 p.u. more (P ≤ 0.01) than in fat from F lambs.
Unlike intramuscular fat, depot fat of lambs from both groups receiving forage was characterized by more favourable health quality parameters compared to group C ( Table 5 . Health quality parameters of LL and subcutaneous fat based on the FA profile parameters analysed, the best results were obtained by lambs from group F, which, in several cases, were significantly better than those from group C and P. Statistically significant differences or clearly beneficial trends in both groups receiving forage were found for the UFA:SFA, PUFA:SFA and n-6: n-3 PUFA ratios. SCF fat from F lambs compared to C and P lambs had more beneficial indices of IA and Δ9-desaturase. Pastured lambs (P) tended to have a higher CLA content than C and F lambs, by 15.2% on average (P ≥ 0.01).
The effect of forage feeding on the fatty acid profile of subcutaneous fat is supported by the results of other studies, in which pasture fattening was most often compared with concentrate feeding indoors (Sanudo et al., 1998; Bas and Morand-Fahr, 2000; Nuernberg et al., 2005) . The greater changes in the composition of fatty acids in F than P lambs compared to control lambs were due to the fact that differences in fat consumption (with modified composition of FA, Table 2 ) between group F and C were much higher than between group P and C, on average by 11.9 and 4.1% in the first and second year, respectively (Table 1). In the light of our results, Jenkins and Lundy (2001) seemed justified in concluding that in ruminants the quality of food products (meat and milk) is dependent rather on the amount of fatty acids in dietary fat than on their percentage composition.
The varying effects of forage supplements used for lamb fattening on the lipid profile of intramuscular fat (generally unfavourable) and subcutaneous fat (favourable), observed in the present study, are not confirmed by the available literature. This could be due to different metabolism of fatty acid synthesis and deposition depending on the location of adipose tissue. This hypothesis was corroborated by Wood et al. (2008) , who reported that ruminants show the preference of incorporation of metabolically important fatty acids into muscle tissue rather than to their storage in depot fats. The fact that subcutaneous fat was more susceptible to the analysed treatment factor than intramuscular fat was also observed in another study in which lambs received oil components, rapeseed cake and linseed (Borys et al., 2009) . This is probably due to the fact that the fatty acid composition of intramuscular fat is, by its very nature, more favourable in terms of health compared to subcutaneous fat and thus less susceptible to health-promoting modifications by nutritional factors. The differences observed in the lipid profile of intramuscular and subcutaneous fat depending on the breed of lambs are difficult to interpret conclusively based on the analysed fatness parameters, intramuscular fat content and measurement of fat layer over the ribs. It can be assumed that the expression of the effect of breed factor on the analysed traits was largely modified by many interactions between breed, nutrition and replication of the experiment, which were particularly numerous for intramuscular fat.
Crossing of KS sheep with Ile de France rams had no significant effect on the degree of external fatness, with a tendency towards higher external fatness in the crossbreds (by 11.7%) ( Table 4) . Nonetheless, the pool of SCF fatty acids from IF×KS lambs showed a tendency towards a lower percentage of SFA compared to KS lambs (by 2.04 p.u.; P ≤ 0.10), with a significantly higher content of MUFA (by 2.21 p.u.; P ≤ 0.05) and a similar content of PUFA. In the group of saturated acids, the crossbreds showed a clear tendency towards a lower content of C14:0, C15:0 and C18:0 acids, with an unchanged level of palmitic acid C16:0. Out of MUFA acids, the content of dominant oleic acid C18:1 was significantly higher (by 1.81 p.u.; P ≤ 0.05), with a 0.36 p.u. lower content of C16:1 (P ≤ 0.05). Overall, the depot fat of crossbred lambs was characterized by more favourable health quality parameters compared to lambs of the milk-prolific line of Koluda sheep (Table 5 ). Significant differences between IF×KS and KS were found in the UFA:SFA ratio and in the Δ9-desaturase index (higher by 9.1 and 68.2%, respectively; P ≤ 0.05), with favourable trends of the PUFA:SFA ratio (higher by 6.9%) and the index of atherogenicity (lower by 7.5%).
Replications of the experiment revealed significant differences in the percentage of some fatty acids in SCF fat and in the values of several health parameters. There were statistically significant first-degree interactions resulting mainly from changes in the response of lambs representing different feeding groups and different breeds to the conditions of experimental fattening in successive years. Relatively many interactions, with a threefactorial design of the experiment and rather small number of animals, make it difficult to evaluate the effects of the main treatment factor (feeding forage supplements to fattened lambs).
CONCLUSION
The present study found an unfavourable effect of forages added to the diets of intensively fattened lambs and of the commercial crossbreeding scheme on the fatty acid composition of intramuscular fat, with a weaker effect of limited pasture grazing compared to field forage supplementation.
Both variants of forage use in lamb fattening had a positive effect on the lipid profile of subcutaneous fat, with more beneficial results obtained when field forage was used in the sheep house compared to limited grazing.
Crossing of the milk-prolific line of Koluda sheep with Ile de France meat-type rams had a negative effect on the fatty acid profile of intramuscular fat and a positive effect on depot fat.
The varying and partly surprising effects of both experimental factors, observed for the fats compared and in successive replications of fattening, should be validated by further research.
